Identification of methyl ester content from waste cooking oil using gas chromatographic method by Abdullah, Nor Hazwani & Hasan, Sulaiman
Identification of methyl ester content from Waste Cooking Oil Using Gas 
Chromatographic Method  
Nor hazwani Abdullah1, a Sulaiman Hassan1, b  
1
 Faculty of Mechanical and Manufacturing Engineering  Universiti Tun Hussein Onn Malaysia, 
Parit Raja 86400, Batu Pahat, Johor Darul Ta’zim, Malaysia 
a
nshazwany@gmail.com, 
b
sulaiman@uthm.edu.my 
Keywords:  waste cooking oil, methyl ester, gas chromatography, EN 14103, alternative energy 
 
Abstract. Waste cooking oil has always been an environment problem in food factories and one 
method of effect disposing this oil without effecting the environment is to convert it to fatty acid 
methyl ester (FAME) using small scale pilot plant. The conversion of waste cooking oil with 
sodium hydroxide as a catalyst in conversional process at 22kHz speed. The reaction of time, molar 
ratio, speed, catalyst and amount of catalyst will be effect in FAME quality. The quality of biodiesel 
define is total ester content using gas chromatography. Gas chromatography analysis is a one of 
technique for identification and quantitation of compounds in a biodiesel sample. From biodiesel 
sample can identification of contaminants and fatty acid methyl ester. In this research biodiesel 
sample were analyses using a gas chromatography- flame ionization detector ( Perkin Elmer GC 
Model Clarus 500) equipped with a DB-5 HT capillary column ( 0.53mm x 5 m) J&W Scientific. 
The analytic conditions for ester content were as follow by: column temperature used 210⁰C, 
temperature flame ionization detector (FID) of 250⁰C, pressure of 80kPa, flow carrier gas of 
1ml/min, temperature injector of 250⁰C, split flow rate of 50ml/min, time for analysis 20 minute 
and volume injected of 1 µl. The ester content (C), expresses as a mass fraction in present using 
formula (EN 14103, 2003a) calculation. Conversion of triglyceride (TG) to FAME using 
conversional process obtained 96.54 % w.t with methanol to oil molar ratio 6:1, 1%w.t acid 
sulphuric and 1% w.t sodium hydroxide catalyst. 
 
Introduction 
 
 Azhar Food Snd Bhd is a local company producing prawn cracker, snacks and tapioca chips. 
They used a lot of cooking oil and need to dispose this oil. Waste cooking oil has always been an 
environment problem in food factories and one method of effect disposing this oil without effecting 
the environment is to convert it to biodiesel. A pilot plant to produce biodiesel from waste cooking 
oil (WCO) was designed and installed at the food factory. In this study the waste cooking oil from 
Azhar Food Snd Bhd was processes to biodiesel where the methyl ester content are calculated 
follow by European normalization(EN14103) biodiesel standard using gas chromatography flame 
ionization detector. The quality of biodiesel define is total ester content using gas chromatography 
.The important of gas chromatography as an analytical tool for organic compounds result from a 
combination of the separating ability of modern capillary columns, which remains superior to that of 
pressure- driven liquid separation, and the range of detectors that can be brought to bear to aid 
solute identification. These detectors, however selective they may be, provide only two-dimensional 
information- a plot of detector signal versus time. In detector for gas chromatography that provide 
three dimension of data. These additional data may be used either on their own, or in combination 
with other information, such as retention time or the output from additional detector, to identify 
unknown compounds. These are the mass spectrometer, which provides data relating to compound 
structure: the infrared detector, the output from which is a consequence of chemical functionality, 
and the atomic emission detector which given information concerning elemental composite. 
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Methodology 
 
The quality of biodiesel define is total ester content. Limits have been established by the American 
society for testing and material (ASTM) and the European normalization (EN). The define the 
minimum to be 96.5 % w.t for fatty acid methyl ester. This is the most important component of 
biodiesel. The amount of ester in the final product is affected mainly by the extent of 
tranesterification reaction.  
 In this research biodiesel sample were analyses using a gas chromatography ( Perkin Elmer 
GC Model Clarus 500) equipped with a DB-5 HT capillary column ( 0.53mm x 5 m) J&W 
Scientific. The analytic conditions for ester content were as follow by : coloum temperature used 
210⁰C, temperature flame ionization detector ( FID) of 250⁰C, pressure of 80kPa, flow carrier gas 
of 1ml/min, temperature injector of 250⁰C, split flow rate of 50ml/min, time for analysis 20 minute 
and volume injected of 1 µl. the ester content (C), expresses as a mass fraction in percent, is 
calculate using following formula (EN 14103, 2003a): 
 
 
Formula for determine of methyl ester content: 
 
 C = (ƩA) – AEI x  CEI X VEI   x 100 % 
            AEI     m 
 
Where, 
 
ƩA     =  is the total peak from the methyl ester in C14-C24-1      
AEI     =  is the peak area corresponding to methyl heptadecanoate 
CEI     =  is the concentration, in mg/ml of methyl heptadecanote solution 
VEI     =  is the volume, in ml, of methyl heptadecanote solution 
M       =  is the mass, in mg of the sample 
 
 
 
Result and discussion 
 
Determination of methyl ester content referred to EN14105 using gas chromatography- flame 
ionization detector (FID) 
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Figure 1: Analysis FAME from WCO using gas chromatography- flame ionization detector (FID) 
 
 
 
Formula for determine of methyl ester content: 
 
 C = (ƩA) – AEI x  CEI X VEI   x 100 % 
            AEI     m 
 
ƩA (C14-C24-1)     
      =  (144300.28 + 1658941.94 + 1109323.19 + 22327.29 + 8474892.97 + 40432.27 + 
              127024.34 + 15432.47 + 7041101 + 2064015 + 14651968 + 4717564.08 + 68934.38 +   
              45840.86 + 95074.79 + 76004.48 + 99922.4 + 75792.97 ) = 41028892.5 
AEI     =  5028356.15 
CEI     =  10mg/ml 
VEI     =  5 ml 
M       =  250 mg 
 
C          = (41028892.5 – 701101)  x 10 mg/ml x 5ml x 100%  = 96.54 % 
                            701101   250mg 
 
 
From the result showed that the molar ratio of WCO to MeOH of 6:1, NaOH catalyst of 1% and 
agitation speed 20kHz , produced ester content 96.54% wt.  
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Summary 
Gas Chromatography is one of the most important tools in chemistry because of its 
simplicity, sensitivity and effectiveness in separating components of mixtures. It is widely used for 
quantitative and qualitative analysis of mixtures and for the purification of compounds. Gas 
Chromatography can be defined as differential migration processes where gases or vaporized 
sample components are selectively retained by a stationary phase. Method EN 14103 is used to 
determine the fatty acid  methyl ester (FAME) between C14:0 and C24:1 and linolenic  acid methyl 
ester content of oil feedstock used in biodiesel  production. EN 14103 calls for calibration of all 
FAME  components by relative response to a single compound –  methyl heptadecanoate. The 
conversional process obtained conversion waste cooking oil to FAME about 96.54 %w.t with 
methanol to oil ratio 6:1, 1% acid sulfuric and sodium hydroxide as ctatalyst and 2hour reaction 
time.    
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